Reading remains the preferred leisure activity for most individuals, continuing to offer a unique path to knowledge and learning. As such, books remain an important cultural product, consumed widely. Yet, while over 3 million books are published each year, very few are read widely and less than 500 make it to the New York Times bestseller lists. And once there, only a handful of authors can command the lists for more than a few weeks. Here we bring a big data approach to book success by investigating the properties and sales trajectories of bestsellers. We find that there are seasonal patterns to book sales with more books being sold during holidays, and even among bestsellers, fiction books sell more copies than nonfiction books. General fiction and biographies make the list more often than any other genre books, and the higher a book's initial place in the rankings, the longer the book stays on the list as well. Looking at patterns characterizing authors, we find that fiction writers are more productive than nonfiction writers, commonly achieving bestseller status with multiple books. Additionally, there is no gender disparity among bestselling fiction authors but nonfiction, most bestsellers are written by male authors. Finally we find that there is a universal pattern to book sales. Using this universality we introduce a statistical model to explain the time evolution of sales. This model not only reproduces the entire sales trajectory of a book but also predicts the total number of copies it will sell in its lifetime, based on its early sales numbers. The analysis of the bestseller characteristics and the discovery of the universal nature of sales patterns with its driving forces are crucial for our understanding of the book industry, and more generally, of how we as a society interact with cultural products.
Introduction
Books remain an important part of our lives, reading being the favorite leisure activity for many individuals. Indeed, the average American reads 12 to 13 books per year, and how people select the reading has been of much interest for researchers for decades. Consequently, book publishing is a huge industry in the U.S., with a revenue that is projected to reach nearly 44 billion U.S. dollars in 2020. In 2015, about 2.7 billion books were sold, a number that has remained fairly consistent in the last few years [1] . Of the over 3 million books in print in the U.S. every year, more than a hundred thousand are new titles. Yet, only a tiny fraction attract considerable readership. For example, less than 500 books make it to the New York Times bestseller lists and only a handful of authors stay on the list for ten or more weeks. These near impossible odds reflect the challenges of capturing an audience in today's highly competitive world. Consequently, the success drivers of books remains of interest to many researchers [2] . Some of these drivers were explored in the literature [3, 4] : they are book critics [5] , the author's and fans' circle of friends [6, 7] , celebrities [8] , online reviews [9, 10] and word of mouth [11] . The writing style of the author [12, 13] , the amount of publicity [14] , the timing of the book release [15] , awardwinning [16] or already bestseller [17] status of the book, the genre of the book and even the gender of the author [18, 19] are among the factors considered in past research. Yet, which books become successful and how they reach this status remains a mystery.
Aiming to address this mystery, here we explore the sales patterns of bestsellers and the authors who write them. We used a big data approach to understand the type of books that made it to the New York Times bestseller list as hardcovers, and quantified the sales patterns necessary to reach the lists and the characteristics of the bestselling authors. Additionally, we explore the weekly sale numbers [11, 20] , allowing us to uncover the dynamic patterns of how a book becomes successful. This allows us to propose a statistical model that captures how collective interest in a book peaks and drops over time. The model accurately predicts the total number of copies an edition will sell, using the early sales numbers after the first release.
Data
The New York Times Bestseller List (NYTBL) is the most influential and prominent lists of best-selling books in the United States. Published since 1931, the list is digitally available since 2008 and consists of several sub-lists focusing on specific editions (hardcover, trade and mass-market paperback, e-book) and topics (fiction, nonfiction, children's and graphic books are the main weekly categories). For each book the list offers some basic identifying information like the ISBN number, title, author, publisher, amazon.com link. The NYTBL ranks books by the number of individual copies sold that week, using sales numbers reported by an undisclosed list of retailers across the United States, statistically weighted to represent all outlets nationwide [21] . The rankings are calculated each week, hence a book that continues to sell well stays on the same bestseller list for multiple weeks. In this study we consider all books featured on the New York Times hardcover fiction and hardcover nonfiction bestseller lists between August 6th, 2008 and March 10th, 2016 (410 weeks), altogether 2468 unique fiction and 2025 nonfiction titles.
To capture the time resolved sales patterns of books, we use NPD BookScan (formerly Nielsen BookScan), the largest sales data provider for the book publishing industry. Their database contains information about all print books that are being sold in the United States since 2004. For every book, this information includes the ISBN number, author name, title, category, BISAC number, publisher, price, total weekly sales across US and weekly sales in different geographical districts.
Bestselling books
Books come in a variety of formats and editions, from the more expensive hardcovers to the cheaper trade and mass market paperbacks, digital e-books and audiobooks. Despite the recent rise of digital books, printed books remain the preferred format for 65% of book readers in the U.S. Indeed, of the 2.7 billion books sold in 2015, 1.7 billion were printed books (577 million hardcover, 1.18 billion trade or mass market paperback). As new titles are usually released in hardcover first, here we focus on the sales patterns of books that made it to the New York Times bestseller list as hardcovers in fiction and nonfiction categories, each encompassing a variety of genres. Not all of these genres are equally popular among the readers, some being more present on the bestseller list than others. Additionally, the dynamics of being featured on the list is different for each book: Some enter with low ranks and drop immediately off the list while others reach high ranks and stay on the list for a long time. In this section we focus on these dynamic patterns, along with the corresponding sale numbers and their seasonal patterns and we briefly discuss when and how different editions of the same title are released.
Genre fiction and memoirs dominate the bestseller list
According to a 2015 survey [1] , mystery, thriller and crime are the preferred book genres in the U.S., nearly half of Americans reading in these genres. About 33% of the surveyed readers chose history as their favorite genre, while 31% preferring biographies and memoirs. To check if these preferences are reflected in the New York Times bestseller list, in Fig. 1 (A) and (B) we break down all bestsellers by genre. We find that within fiction, most bestsellers fall into the 'general' fiction category (also known as 'mainstream' fiction), with 800 books making it the most popular category. This category mainly contains 'literary' fiction, i.e. fictional works focused more on themes and characters than on plot. These are the books frequently discussed by literary critics, featured in prominent venues and taught in schools, factors contributing to their popularity. In contrast 'genre' fiction, i.e. plot driven fiction like mystery or romance, shown separately in Fig. 1(A) , is rarely considered by literary critics and is often reviewed only in venues catering to niche audiences. Yet, we find that the total number of bestsellers in these 'genre' categories collectively (1668) is more than twice the number of bestsellers in general fiction (800). Especially Suspense/Thrillers and Mystery/Detective categories resonate well with readers, in line with the survey findings [1] . Recent research and media discussions [18, 22, 23] noted that the popularity of genre fiction has been increasing over the years, thanks to the equal opportunities provided by online venues and rating systems, and the stagnant popularity of the traditional literary venues that remain focused on general fiction. We indeed observe a slight increase in the percentage of genre fiction among the bestsellers during the past decade ( Fig. 1(C) ).
Among nonfiction books, almost half of the 2025 bestsellers are from the Biography/Memoir category, consisting of books written by or about famous individuals, from politicians to artists or business personalities. Their dominance on the nonfiction market demonstrates a continuous interest in the life stories of well known individuals. The next most popular genre in nonfiction is history, in line with the survey results. The 'General Nonfiction' category encompasses multiple genres such as 'Psychology' , 'Nature' or 'Philosophy' and 'Reference' mainly collects books in 'Science' or 'Technology' . For example, Malcolm Gladwell's bestselling books are categorized as General Nonfiction, while popular science books including Stephen Hawking's The Grand Design are classified in Reference.
In short, US readers prefer genre fiction over general fiction, making Thrillers and Mystery the most represented genres in the NYTBL over time. Biographies and memoirs are the most preferred genre within nonfiction, making up half of the nonfiction bestsellers. 
Bestseller status rarely lasts
In marketing, a book is labeled a New York Times bestseller if it appears on the NYTBL for at least one week. Yet, there are major differences between bestsellers: some pop up on the list for a singe week while others retain their bestselling status for months and even years. To illustrate this, we measured the length of stay on the list for all New York Times bestsellers (Figs. 2(A) and (B) ). We find that 25% of books appear only once on the list, while a few do spend an exceptional amount of time there.
For fiction, the number of books listed for only one week is high (26% of all books), indicating that the list changes considerably from week to week. In fact, only 10 of the 2468 fiction bestsellers stayed on the list for more than a year. The longest presence during our observation period is The Help, the 2009 book by Kathryn Stockett, which has been featured on the bestseller list for 131 subsequent weeks. Its continuous presence was helped Figure 2 Longevity of bestsellers. Distribution of (A) fiction and (B) nonfiction bestsellers based on the number of weeks they stayed on the list. The number of weeks is shown in logarithmic scale to account for both the large number of short stays and the few exceptionally longer presence. We marked on the first columns the corresponding linear scale numbers for clarity. The best rank a book achieved on the New York Times (C) fiction and (D) nonfiction bestseller list vs. the number of weeks it stayed on the list. The size of the dots indicates the number of books with the same attributes. Overall, the better a book's best ranking, the higher is its probability of staying longer in the list In comparison, the nonfiction bestseller list shows slightly less variation from week to week, indicating that it is more common for nonfiction books to sustain their bestseller status. This is why we have fewer nonfiction books in our dataset than fiction books (2025 nonfiction bestsellers compared to 2468 in fiction). In the nonfiction category, 24% of books stayed only for one week on the list and 18 books lasted for more than a year. In general, the better a book's best ranking, the longer it stays on the NYTBL (Figs. 2(C) and (D)). The majority (86% for fiction and 89% for nonfiction) of the books that stayed on the list for a single week have reached the best ranking of 15 while the majority of the books (93% for fiction and 88% for nonfiction) that stayed for at least 10 weeks were ranked among the top ten at least once. Still there are a few exceptions, books that were ranked low on the list yet remained there for a long time. The most significant is A Dog's Purpose by Tom Doherty (now a motion picture as well) which remained on the list for 19 weeks even though its best position was number 20. The Paris Wife by Paula McLain or Born To Run by Christopher McDougall are also outliers that stayed much longer on the list than what would be expected based on their best ranking. Finally, the majority of the books that reached the top spot on the NYTBL stayed on the list for at least 10 weeks (51% for fiction and 80% for nonfiction).
In summary, most books stay on the NYTBL for only a week, and books lasting more than a year are extremely rare. That said, books reaching better ranks on the list stay on for longer periods compared to books ranked lower, many of the top ten books staying for several months at least.
Not all bestsellers sell
The number of copies a hardcover sells in its first year is an important measure of its commercial success. As after one year a cheaper paperback edition of the same title is likely to be released, the hardcover will no longer be the only print option. Therefore, in this section we focus on the first year sales of bestsellers, allowing us to explore their variability and the factors that determine their popularity. The one year sales distribution of all bestsellers indicates that the majority of bestsellers sell between 10,000 and 100,000 copies in their first year (Figs. 3(A) and (B) ).
In fiction, The Lost Symbol by Dan Brown takes the lead with a record-breaking 3 million copies sold in a year, followed by the highly anticipated The Girl Who Kicked the Hornet's Nest and Go Set a Watchmen, selling over 1.6 Million copies each. These two books were anticipated for different reasons, the former being the third book in an ongoing successful series and the latter being the long-awaited second book of Harper Lee, published 55 years after her classic To Kill A Mockingbird (1960) . There are also several books that even though made it to the NYTBL with high first week sales, could not sustain those numbers over the course of a year, such as The Famous And The Dead, being the conclusion to T. Jefferson Parker's Charlie Hood series (6 books) The relation between one year sales and the length of stay on NYTBL (E) for fiction and (F) for nonfiction. Most hardcover bestsellers sell between 10,000 and 100,000 copies in their first year for both fiction and nonfiction, and the higher they get in the list and the longer they stay on, the more copies they sell in a year
To understand the dynamics of sustained sales, we looked into the relationship between the number of copies sold within a year and best ranking the book achieved on the list (Figs. 3(C) and (D)) and the length of stay of a book on the list (Figs. 3(E) and (F)). Obviously, the more copies a book sells in a single week, the better is its ranking in the bestseller list. For most books we also observe a direct correlation between the best ranking and the number of copies sold within a year. The most remarkable are The Lost Symbol and Decision Points, books ranked number one on the NYTBL in their category (fiction and nonfiction respectively) selling more than a million copies in their first year after pub-lication. Yet we do note some outliers, selling significantly more (A Dog's Purpose in fiction and Duck Commanders and Grain Brain in nonfiction) or significantly less (Blackberry Pie Murder and Hush Now, Don't You Cry in fiction and News For All The People in nonfiction) copies in a year than would be expected from their best positions in the NYTBL. In case of the Duck Commanders, a behind-the-scenes account of the family featured in the reality TV show Duck Dynasty, the sustained sales were supported by the TV show's continuous popularity, prompting several books from different members of the same family with various degrees of success. Grain Brain by neurologist David Perlmutter is also an interesting case showcasing the seasonality of the bestseller lists. The book first came out in September 2013 and hit the NYTBL soon after, reaching its highest sales in December when book sales are typically the highest (see the following section). Hence, despite the impressive sales numbers, in those weeks it did not qualify for better rankings in the NYTBL, even dropping entirely from the list.
Not surprisingly, we also observe a direct correlation between the length of stay on the bestseller list and the number of copies sold in a year (Figs. 3(E) and (F)). The only two exceptional cases are in the nonfiction category. As already mentioned, Grain Brain had sustained high sales but a short stay on the NYTBL due to the seasonality of the list. In case of Sarah Palin's Going Rogue, the book sold a record-breaking 500,000 copies in a single week, but the sale numbers dropped steadily afterwards. Yet the sales accumulated in the 16 weeks the book was on the list were sufficiently high to make the book an outlier among bestsellers.
In summary, the number of copies a NYTBL book sells in its first year spans over two orders of magnitude. Overall, the best rank a book achieves on the list is a good predictor of its yearly sales: the better the rank, the higher the total sales. The length of stay of a book on the list is another good indicator of the number of copies sold, as longer stays mean larger number of copies sold every week.
We read more fiction than nonfiction and buy books during holidays
Since 2008, books on the hardcover NYTBL have sold anywhere between a thousand to a million copies in a single week. We show the distribution of the weekly sales that have gotten these books to the list in Fig. 4 (A) and (B). Of course a book ranked first must sell far more copies than a book ranked 20 or 35. Accordingly, the high end outliers in Fig. 4 (A) and (B) were all ranked number one for several weeks. The low outliers are included on the list either by mistake, or BookScan has a different record of their sales from New York Times. They are all books with much higher sales on other weeks, but on those particular weeks, their sale numbers recorded by BookScan were much lower than what is typically needed to hit the NYTBL. Aside from the extremes and differences between ranks, there may be several causes for the general high variability, as we discuss next.
First, we looked into the sales needed to make it to the bestseller list since 2008. In Fig. 4 (C) we consider week 33 (August), showing the number of copies each book on the NYTBL sold that week each year. We see that fiction books sell more copies than nonfiction books, in other words, fewer copies are needed to qualify a book for the nonfiction list than the fiction one. Also the stability of the year-by-year sales pattern is remarkable: today a book needs to sell between a 1000 to 10,000 copies to make it to the bestseller list, a range that stayed roughly the same during the past eight years.
Next, we looked into the seasonal fluctuations in the sales patterns during a year. To explore how these fluctuations affect the bestseller list, we measured the median number . The median number of copies the bestselling books sold to hit the NYTBL during different weeks throughout a year, for (E) fiction and (F) nonfiction. In general, books need to sell between 1000 and 100,000 copies in a single week to hit the NYTBL, a range that has been fairly stable over the years. Fiction book sales are higher in summer and all sale numbers are significantly elevated from December to early January. Fiction sells more than nonfiction throughout the year but the gap is smallest in early January of sales that got the books on the list at different times of the year (Figs. 4(E) and (F)). The dots correspond to the median sales of all books on the NYTBL at any given week each year, the line indicating the median over all years. We focus on the median instead of the average given the high variability amplified by record-breaking sales highlighted in Figs. 4(A) and (B) .
Overall, we find that median sales mostly fluctuate between 4000-8000 in fiction and 2000-6000 in nonfiction. Yet, there is a significant increase in sales late-December during holiday shopping, a pattern persisting into early January, likely due to delays in sales reporting. In early January, the lowest median sales over the years is close to 15,000 copies a week, a number higher than the highest median sales of any other time of the year ex-cept late December. For fiction, a similar but less pronounced peak is observed during the summer months with median sales surpassing 10,000, likely due to book purchases in preparation for the summer vacation. In nonfiction, there is no such summer peak. During these periods of elevated sales a book needs to sell more copies to make it to the New York Times bestseller list than during other months. We also note that in general, fiction books sell more copies than nonfiction, a gap which is largest during summer and decreases considerably during the holiday season, where the sales of both fiction and nonfiction are significantly elevated.
In summary, we find that books featured in the NYTBL over the years hit the list by selling anywhere between thousands and tens of thousands copies, a range that has been stable since 2008. Seasonal fluctuations within a year matter much more, books needing higher sales during the holidays to stand out, even though more books are purchased in that period. Additionally, a book on the fiction list needs to sell more copies on average compared to the nonfiction bestseller list, due to the fact that on average, fiction sales are higher than nonfiction sales.
Bestselling authors
It is sufficient for an author to have written a single book that appeared on the NYTBL for a single week to be labeled a 'bestselling author' , a label that sticks for life. Yet, not all bestselling authors are alike. There are those with a single high selling book in their career, like Kathryn Stockett (The Help), and there are authors with over fifty books with varying sale numbers under their belt, like James Patterson or Stephen King. Additionally, some authors build their readership over time, achieving bestseller status with their later work while others enter the NYTBL with their first book. The success of a book is deeply linked to the previous success and the name recognition of its author, prompting us to explore in this section the dynamics of success for authors, quantifying the differences between authors in terms of productivity, repeat success and gender among authors within different bestseller categories.
Fiction authors have more repeat success than nonfiction authors
To understand the patterns of productivity among bestselling authors, we collected all unique titles published by them in hardcover since 2008, regardless of whether they made the bestseller list or not. After eliminating new editions of older titles, we ended up with 5396 books (2468 of them bestsellers) by 854 authors with bestsellers in fiction and 3968 books (2025 of them bestsellers) by 1670 authors with bestsellers in nonfiction categories. These numbers already indicate that fiction authors are more prolific than nonfiction ones, with half the number of fiction authors having written 1.5 times more books than nonfiction authors since 2008.
As indicated by Figs. 5(A) and (B), only 14% of the fiction authors have written only one book since 2008. The vast majority of them have at least two books, but having close to 10 books is also common. Some authors are significantly more productive than others, with James Patterson being an outlier: he published 94 hardcovers since 2008, often with coauthors and in a variety of genres such as mystery, suspense, romance and even nonfiction. In Fig. 5(C) we take a closer look at his productivity and sales patterns, denoting each hardcover with a line located at its publishing date, its height indicating the number of copies sold in its first year. His most successful book was I, Alex Cross, the 16th novel in his Alex Cross series published in 2009, which stayed on the NYTBL for more than 20 weeks. With stars indicating bestseller status, we see that more than half (51) of his books were bestsellers. Fiction authors who also write graphic novels, like Neil Gaiman (48 books) and Warren Ellis (42), are also productive due to the usual high volume of publications in the graphic novel category. Other exceptionally prolific authors are mystery, thriller and fantasy author Ted Dekker (42), romance author Danielle Steel (37) and thriller author Clive Cussler (34).
In nonfiction, high productivity is rare (Fig. 5(B) ) with nearly half (43%) of the authors having published only one hardcover since 2008. The most prolific author in nonfiction is pastor and theologian Timothy Keller, having written 21 books about spiritual topics. In Fig. 5(D Next, we look at the repeat success by only considering bestsellers (Figs. 5(E) and (F) ). In fiction, we find that the 2468 hardcovers on the NYTBL are written by only 854 authors, indicating that the list is dominated by a small number of authors with multiple bestsellers. We have already seen that James Patterson takes the lead in both repeat success and productivity. Similarly, Clive Cussler with 31 bestsellers and Danielle Steel with 25 bestsellers are also especially successful, in addition to being rather prolific. In general, bestselling authors with multiple books will often have multiple bestsellers. This is partly because fiction authors commonly write novels in serialized form and once a series builds up an audience, the subsequent books in the series also receive substantial attention.
In nonfiction NYTBL, repeated authorship is less common: the 2025 nonfiction books are written by 1670 authors, indicating fewer recurrent authors. The distribution in Fig. 5(F) indicates that an overwhelming majority (85%) of the bestselling nonfiction authors have only one bestseller since 2008. Interestingly, in nonfiction, the top 3 authors with most bestsellers, Bill O'Reilly, Dick Morris and Glenn Beck, are all political commentators, writing mostly about current public affairs and government issues in the U.S. Yet, as we mentioned earlier, Bill O'Reilly has also written several bestselling books with historical themes, speculating about the deaths of prominent historic figures, with co-author Martin Dugart.
In summary, fiction authors are likely to write multiple books in quick succession and often in serialized format, and they often have multiple bestsellers. In nonfiction however, the norm is one bestseller per author, which is typically the only hardcover they published since 2008. This is partly due to the fact that most nonfiction bestsellers are memoirs, books written by or about famous individuals, without repeat authorship. Yet higher productivity and repeat success does happen in nonfiction as well, albeit less frequently.
Many bestsellers are debut books but late success is also possible
To understand the patterns of writing a bestselling book, we need to explore the careers of individual authors. In this section we ask if it is more common for authors to reach bestseller status with their first book, or if bestselling status is something built up through the increasing popularity of multiple books. To address this question, we focused on bestselling authors who started publishing in 2008 and after, a cohort of 145 authors in fiction and 591 authors in nonfiction.
In fiction, the author with the most hardcovers is Taylor Anderson, with 10 books in The Destroyermen series (Fig. 6(A) ). The first three books in the series sold relatively poorly, yet we observe increasing sales with each new book. It was the 4th book that reached a mass audience, doubling the weekly sales at its release, yet still not enough to land on the bestseller list. The fifth book of the series finally became a bestseller, yet for a single week. Yet, the added visibility propelled the 6th and 7th books in the series to the NYTBL. His following 3 books, although selling strongly, did not make the list any longer. Another fiction author achieving success with late books is the author of the young-adult steampunk Finishing School series Gail Carriger (Fig. 6(C) ). She already had moderate success in paperback form with her adult oriented Parasol Protectorate series, yet none of her four hard cover format Finishing School novels (shown in blue, green, red and orange) made the NYTBL. Her 2015 hardcover Prudence (purple) was the book that finally landed her on the list.
In nonfiction, Christian evangelist and motivational speaker born with tetra-amelia syndrome (a rare disorder characterized by the absence of arms and legs) Nick Vujicic is one of the more productive authors starting his writing career in 2010 (Fig. 6(B) ). His first book, Life Without Limits, was an international success, being translated into more than 20 languages. Yet, it did not make the NYTBL. His second book, Unstoppable, got there two years later, helped by the buzz created by his first book and possibly his motivational speaking engagements. He went on to write three more books, none of them matching the success of his first two. Another nonfiction author, columnist and businessman John Gerzema writing about impact of leadership ethics, had his success grow steadily with each subsequent book, finally getting the third one, The Athena Doctrine, into the NYTBL (Fig. 6(D) ).
To understand the typical order of a bestseller within an author's career, we constructed heatmaps showing the distribution of the place (index) of an author's first bestseller among their published hardcovers with respect to how many hardcovers they published in total (Figs. 6(E) and (F)). We see that many (corresponding to the sum of the first row in the Figs. 6(E) and (F), 120 for fiction and 531 for nonfiction) of the bestselling authors who debuted on or after 2008 first got on the NYTBL with their first book. This is partly due to the fact that debut novels are over-represented in this selection, since we did not consider authors with previous publishing history even if their first bestseller was published after 2008. Consequently, we observe that many of the considered bestselling authors had only one book so far, overwhelmingly so for nonfiction authors (65%). Yet, late success like Taylor Anderson's is not unheard of. Many 2-book authors got into the NYTBL with their second book (8 in fiction and 44 in nonfiction) and even later success is achieved by several (12 in fiction and 5 in nonfiction). Additionally, there are 2 fiction authors like Gail Carriger with 5 books whose 4th book was their first bestseller and 3 nonfiction authors like John Gerzema who built up to bestselling status with the first two of their three books.
In general, we find that most bestselling authors who started their careers on or after 2008 were successful with their first book, yet getting into the NYTBL with a second or later book is possible as well.
Previous success is a good predictor of the next book's success
As we established earlier, repeat authorship is common on the bestseller list, particularly in fiction. We have also seen that some authors start with a large readership while others build their readership gradually, and finally some lose the public's interest after a few successful books. To quantify how the sales of a previous hardcover affect the sales of the subsequent book, in Figs. 7(A) and (B) we show the one-year-sales of hardcover number i vs. one-yearsales of the previous hardcover, i -1. Since we are showing only unique hardcovers from bestselling authors after 2008, it is not surprising that most books are concentrated on the top right of the plot indicating high sales, a pattern present in both fiction and nonfiction. The fact that most books fall very close to the 45 degree line indicates that books that sell well are likely to be followed by books with comparably strong sales. Consequently, we find that best selling authors tend to sustain their success. Yet, even bestselling authors can publish books that sell poorly, as indicated by the outliers marked in Figs. 7(A) and (B), showing no clear relation between a book's and its predecessor's sales.
In general, the outliers are books in other genres than the one the author had their bestseller in. Remarkable examples are The Expo Files, the only nonfiction book by the Millennium Triology author Stieg Larsson (marked 1 in Fig. 7(A) ), children's books by The Truth According to Us author Annie Barrows (2) or by John Jackson Miller (4), author of several Star Wars novels. We see the same trends in Fig. 7(B) for nonfiction, with a song book by Kristin Chenoweth (1) whose memoir was a bestseller, children's books by Kay (4) who normally writes about the British Royal Family. Finally, reissues of old books with new titles do not sell well regardless of an otherwise successful author, as shown by the Melissa de la Cruz book (3 in Fig. 7(A) ) Popularity Takeover, originally published as Lip Gloss Jungle 6 years prior.
In short, bestselling authors are likely to sustain their success with subsequent books unless they choose to write books in significantly different genres, losing their reader base.
Female authors dominate romance while men dominate nonfiction
Books are cultural products and as such, their success is highly interconnected with the cultural makeup of our society. Since gender and gender role perceptions are an essential part of this makeup, we next explore if gender plays a role in book success.
We start by dividing the books into four categories: books written by male authors (2182 books), by female authors (1518), books with multiple authors (multi, 720) and finally books for which we could not identify the author's gender (unknown, 75). Multiple authorship means either that several authors collaborated on a book (most books by celebrities fall into that category, being co-written with professional writers), or they may be translations to English, hence often the translator is listed as a co-author. In rare cases a book written under a pseudonym may have two names listed once the pseudonym is unveiled, like The Cuckoo's Calling written by J.K. Rowling under the pen name Robert Galbraith. To obtain gender information from author names, we used a database of first names separating names into groups of 'male' , 'female' and 'neutral' , and verified a selection from author informations available on Wikipedia and GoodReads.
In fiction, we find that bestselling books are mostly written by a single author, and the number of bestsellers written by female authors and male authors are indistinguishable ( Fig. 8(A) ). In nonfiction, however, the bestseller list is dominated by male authors (Fig. 8(B) ). As we do not know the ratio of female/male authors publishing in nonfiction that do not make the NYTBL, we cannot tell if readers prefer nonfiction written by men, or To observe if different gender authors prefer different genres, we broke the bestselling book categories by gender (Fig. 8(D) ). We find that female authors are better represented in Literary (General) Fiction than men and dominate in Romance. In contrast, Thrillers, Science Fiction or Action/Adventure are dominated by male authors. Both groups are represented equally in Mystery novels. In nonfiction, all categories are dominated by men ( Fig. 8(E) ), but for Memoirs, the gender difference is smaller.
In summary, we find that in fiction, equal number of bestsellers are written by female and male authors, and bestsellers with multiple authors are rare. In contrast, male authors dominate the nonfiction NYTBL, and the number of female-and multi-authored bestsellers are similar to each other.
The dynamics of book sales
In this section we model the temporal changes in book sales, allowing us to capture and predict the observed sales patterns.
Bestsellers reach their sales peak in less than ten weeks
In Sect. 3 we argued that the first year sales are the most important for a hardcover. Indeed, for the 2035 fiction bestsellers we have at least two years of sales data, we find that 96% of the sales took place in the first year. Similarly, 94% of the sales of 1699 nonfiction bestsellers also happen in the first year. To systematically explore the dynamics of the sales patterns, we start by showing the weekly sales of all bestselling fiction (Fig. 9(A) ) and nonfiction Figure 9 Weekly sales. The weekly sales numbers of all bestselling (A) fiction and (B) nonfiction books, thick lines showing the median sales values for that week. The shaded area starts after the first year and only 4% of fiction and 6% of nonfiction sales happen there. The number of books reaching their peak sales at a given week after publication, (C) for fiction and (D) for nonfiction. While the sales numbers vary significantly from book to book and from week to week, bestseller sales in both fiction and nonfiction increase sharply at first, reach their peak in the first ten weeks and drop slowly afterwards. The sale curves of selected outliers reaching their peak sales later than usual are shown in (E) for fiction and (F) for nonfiction ( Fig. 9(A) ) books. The thick line corresponds to the median sale values. The peak sale values vary significantly from book to book, some books selling over 100,000 copies at their peak while others only reaching a few hundreds. We therefore use a logarithmic scale to display all sales curves. These plots already indicate that for both fiction and nonfiction peak sales are within the first ten weeks after a book's release.
We find that almost all books, regardless of category, peak in the first 15 weeks after publication (Figs. 9(C) and (D) ). Furthermore, most fiction books have their peaks strictly in the first 2-6 weeks; in contrast for nonfiction, even though peaks at weeks 2-5 are common, the peak can happen any time during the first 15 weeks. For example both The Lost Symbol by Dan Brown and Go Set A Watchman by Harper Lee peaked in their 3rd week, and so did Sarah Palin's Going Rogue. George W. Bush's Decision Points had its peak sales even earlier, on the second week after publication.
Still there are some outliers that peak much later, towards the end of their first, or well into their second year. These exceptionally late peaks are typically triggered by exogenous events such as winning awards, being adapted for a movie or in rare cases, having a prominent public figure's endorsement. We are showcasing several such examples in Figs. 9(E) and (F). All the Light We Cannot See, shown in purple in Fig. 9(F) , is a novel written by Anthony Doerr, published on May 6, 2014. The novel had an initial peak and subsequent decline when it was shortlisted for the National Book Award later that year. The sales numbers tripled the week after it lost the award to Redeployment by Phil Klay. The novel later won both the 2015 Pulitzer Prize for Fiction and the 2015 Andrew Carnegie Medal for Excellence in Fiction, causing further peaks in sales numbers, but the most drastic effect was seen at the end of 2015, where people overwhelmingly chose this multiple award-winning book during their holiday shopping. Another example of awards causing late peaks is the nonfiction book The Immortal Life Of Henrietta Lacks (red in Fig. 9(F) ) by Rebecca Skloot, which won both the American Association for the Advancement of Science's Young Adult Science Book award and the Wellcome Trust Book Prize. The Help (red in Fig. 9(E) ) by Kathryn Stockett on the other hand was a 'sleeper hit' which gradually increased in sales until a movie adaptation was announced. The announcement, coinciding with the holiday shopping season, propelled the book's sales to more than 60,000 a week. Another peak in sales happened when the first pictures of the movie's cast appeared and the following holiday shopping season was also beneficial for the book. Finally, Humans of New York author Brandon Stanton (purple in Fig. 9(F) ) and his well-known Facebook page of the same title as the book were featured on CNN shortly after the book's publication, causing a second peak in sales. But the book's biggest success came when Stanton interviewed the then U.S. President Barack Obama in the Oval Office in January of 2015.
These exogenous events aside, the data indicates that the first few weeks of a book are crucial: This is when the books capture the interest of their readership. Also this is the time when publishers will invest in a book's advertising and the most likely period for a book to be featured in the front of book stores and considered for reviews in various media. As such, a book's sales to be the highest in that period.
Sales follow a universal pattern
As can be seen in Figs. 9(A) and (B) , most books follow a similar sales pattern: the sales increase very fast, reach their peak in the first ten weeks and drop dramatically afterwards. This similarity suggests the existence of a universal sales pattern, i.e. the possibility that the properties for all sales curves are the same, independent from the details and degree of complexity of each individual book's sales narrative. This hypothesis allows us to develop a simple yet general model, helping us identify the mechanisms that drive the sales of books. In general, three fundamental mechanisms contribute to the observed sale patterns:
(i) Each book carries a different value for its audience, stemming from the author's name recognition, the writing style, the marketing efforts by the publisher and even the quality of the book cover. Some books are anticipated and well-liked, resulting in high sales, some will be unexpected, lacking familiar elements and hard to get into, resulting in lower sales. To account for these inherent differences, we define a parameter called the book's fitness, η i , that captures the book's ability to respond to the taste of a wide readership.
(ii) Second, a book that sells well will attract even more sales, an effect called preferential attachment [24, 25] . Preferential attachment in this context is likely rooted in collective effects, like recommendations from friends, critics, celebrities, online reviews and bookstores who display a sought after book in visible spots. Mathematically it implies that the likelihood of purchasing a book depends on its up-to-date sales, S t i . (iii) Finally, even the best books lose their novelty and fade from the public eye some time after their publication. Barring exogenous events, once the book reached its target audience, less and less individuals are interested in purchasing it. To model this gradual loss of interest, we need to add an aging term, using a form adopted from the decay of citations in research papers [26] 
where μ i is the book's immediacy determined by the time the sales reach its peak and σ i is the decay rate capturing the longevity. In case of books, a lognormal aging term (1) is motivated by the fact that the time of purchase t can be approximated as a multiplicative process, resulting from independent random factors contributing to a reader's decision to buy a book. Such random multiplicative processes are shown to lead to a lognormal distribution [27] [28] [29] [30] [31] .
Combining these mechanisms, we can write the probability i (t) of a book i to be purchased at a time t after publication as [26] 
which depends on (i) the book's fitness η i , (ii) the total number of sales until t, S t i (preferential attachment), and (iii) the aging factor (1). Combining (i)-(iii), we find that the total sales of book i at time t after publication follows (a detailed derivation is given in Section S2.2 of the supplementary materials of [26] ),
where
is the cumulative normal distribution related to the error function as (x) = 1/2 erfc(-x/ √ 2) where erfc is the complementary error function given by 1 -erf(x) and λ i is the relative fitness proportional to η i .
To demonstrate how the model (2)- (4) can reflect actual sales, in Fig. 10(B) we show the sales pattern of The Appeal by John Grisham which sold over a quarter million copies in a single week after publication. We obtained the parameters λ = 10.37, μ = 2.03 and σ = 1.12 by fitting Eq. (3) to the book's cumulative sales, the fit being shown in Fig. 10(C) , trailing closely the real sales pattern (R 2 = 0.99). In fact, the model (3) can handily explain a wide range of sales patterns by varying only the three parameters μ, σ and λ ( Fig. 10(E) ).
A key prediction of model (3) is that by transforming all the sales curves into a single curve using rescaled variables, all sales curves should follow the same universal curve. 
As an example, we show the rescaled curve for The Appeal in Fig. 10(D) . The rescaled timẽ t = 1 roughly corresponds to the time of the peak sale, and for this book there were almost no sales before that point. If the model fits the sales pattern for all books, we expect the rescaled curves derived for all books to collapse into a single curve. We therefore measured the μ i , σ i and λ i values for all books in the New York Times bestseller data using m = 30 and the Least-Square Fitting method on the available sales range for each book. We then rescaled the sales curve of each book accordingly, the rescaled sales curves being shown in Fig. 10(F) for fiction and (G) for nonfiction. The fact that all curves collapse into a single one indicates that the model correctly captures the sales pattern of most books.
One limitation of the proposed model is that it cannot account for exogenous events like awards, movie adaptations or mentions by prominent venues or celebrities. These events may land an otherwise unnoticed book on the New York Times bestseller list years after its original publication as we have seen in Figs. 9(C)-(F) . Yet, these are exceedingly rare cases and most bestsellers follow a more typical sales pattern, one that is well accounted for by our model.
Taken together, we find that by using the fundamental mechanisms of fitness, preferential attachment and aging, we can explain and accurately model the sales curves of all bestsellers, regardless of genre. We can do this by relying on our observation that all books follow a well defined, regular path in selling copies including the timing of the peak sales, exceptions being rare.
Predicting future sales
In the previous section we have seen that only three parameters are needed to describe the sales history of any bestseller: the fitness λ, the immediacy μ and the decay rate σ . In Figs. 11(A)-(C) we show the probability distributions of each parameter for all bestsellers. In (A) we see that the fitness distribution P(λ) is very similar for fiction and nonfiction bestsellers. This is to be expected, since these are all bestselling books and therefore all have high fitness. Yet, the variation of relative fitness is slightly higher for fiction values of The Appeal, indicating high fitness resulting in a higher total sales, average immediacy indicating typical peak sales time and slightly lower than typical decay rate meaning a relatively slow drop in sales after the peak. Predicted vs measured total sales calculated from Eq. (6), using the first (D) 25 and (E) 50 weeks to obtain λ. The colors represent the peak sale number for each book. The first 6 months offers an accurate picture for the full total sales and the prediction accuracy increases as longer times are used to calculate the fit. Additionally, total sales of books with higher peak sales are predicted better than of those with lower peaks than nonfiction, indicating a broader range. The observation that fiction bestsellers show more variability than nonfiction bestsellers is consistent with earlier findings about the one year (Fig. 3) and weekly (Fig. 4) sales. Additionally, the λ distribution for fiction peaks at a slightly higher value for fiction than nonfiction, indicating a higher relative fitness on average. This is because fiction books sell more copies than nonfiction books on average, as discussed in Sect. 3.
The relative fitness can singlehandedly predict how many copies a book will sell during its lifetime. Taking t → ∞ in Eq. (3), we obtain [26] 
predicting that the total number of sales of a book in its lifetime depends only on a single parameter, the relative fitness λ. Consequently, if the model captures the data well, we expect a good match between the predicted and measured total sales, even when using data from a shorter time period than the book's lifetime to obtain the fitness parameter, allowing us to predict the total sales using (6) . Results for different choices of time periods to calculate λ are shown in Fig. 11(D) for the first 25 weeks and (E) for the first 50 weeks after book release. We find that a fit derived from the first 25 weeks results in quite accurate predictions for the total sales of most books, indicating that our model can accurately predict how many copies a book will sell during its lifetime months after publication. As the number of weeks used for the fit increases, so does the accuracy of the prediction.
Additionally, total sales of books with higher sales peaks are predicted more accurately, as indicated by the relative closeness of the red and orange dots to the 45 degree line as opposed to the green and blue dots which are generally more spread out. Figure 11 (B) shows the probability distribution for the immediacy parameter P(μ), indicating that both fiction and nonfiction books have similar immediacy distributions, i.e. all bestsellers reach their sales peak at a similar times. This result is consistent with Fig. 9 , including the observation that P(μ) peaks at a slightly higher value for nonfiction than fiction, pointing to later peak sale times for nonfiction compared to fiction bestsellers.
Finally, the probability distribution for the decay rate values P(σ ) is shown in Fig. 11 (C).
The distributions for both fiction and nonfiction are quite narrow, following each other closely except at the very top, indicating very similar longevity and decay rates for all best-
sellers. Yet, the distribution is slightly broader for fiction compared to nonfiction, indicating that on average, the longevity and continued success of fiction books vary more than nonfiction books, even among bestsellers.
The dashed lines on all three distributions show where the parameter values for The Appeal fall, indicating an extremely high fitness pointing to very high sales, typical immediacy pointing to average peak sale timing and lower than average decay rate pointing to a relatively slow drop in sales after the peak.
We find, overall, that the model (3) correctly describes the sales pattern of a book, accurately predicting the total sales once the book has been out for some time. However, we have seen in Fig. 9 that for the majority of bestsellers, most sales happen during the first few months. Consequently, a prediction of the future sales many months after the publication date is of value for inventory management.
Conclusions
The goal of this paper is to bring a big data perspective on the factors that influence book sales. For this, we developed a systematic, data driven approach to investigate the sales patterns of works and their creators that made it into the New York Times bestseller list. We find that bestsellers have a higher chance of coming from the general fiction and memoir categories and regardless of the sub-genre, nonfiction books sell less copies than fiction books. In both categories, any book making it to the top of the bestseller list will sustain its sales longer compared to the books that barely make it to the list, indicating that the higher the initial success, the longer it will persist. There were no significant changes in the number of copies a book needs to sell in order to achieve bestseller status over the years since 2008, approximately the same amount of hardcovers being sold today as they were in the past years. This is a remarkable finding showing that the increasing availability of books in digital format has no influence on hardcover sales. Yet seasonal fluctuations within a year are important, influencing the relative success of a book compared to the rest of the market. Even though the holidays are times where substantially more books are sold, it is harder for any book to stand out because of these elevated sales.
From the author's perspective, we found fiction writers to be more prolific compared to nonfiction authors, achieving more repeat success. Such repeat success is helped by the serialized nature of many fiction bestsellers: When readers enjoy a series, subsequent books will have a higher potential of success. Interestingly, nonfiction authors writing in a serialized fashion focusing on a theme enjoy similar repeat success. As readers prefer the familiar over unknown, having some sense of what to expect drives more people towards a book or a series. This insight is consistent with the observation that people enjoy reading about celebrities or historic figures and events with whom they already have some degree of familiarity.
While gender disparity is prevalent in both academia and business, its largely absent in fiction: female and male authors are equally represented on the fiction bestseller list. In contrast, in nonfiction most bestsellers are written by male authors, showing that female authors either avoid nonfiction or are less successful if they do so. Yet, the breakdown of genres by gender and the finding that more romance is written by women and more mystery is written by men shows that stereotypical gender roles may be found in the world of authors as well.
Investigating the weekly sale numbers of bestsellers helped us identify a universal sales pattern: the sales increase very fast after a book's release, reaching their peak in the first ten weeks and drop dramatically afterwards. Using this universality we propose a statistical model that correctly describes the sales patterns of all bestsellers and accurately predicts the total number of copies an edition will sell during its lifetime a few months after a book's release, which could be of value for inventory management and assessing longterm impact. We find particularly interesting that a model originally proposed to describe citation patterns [26] offers an accurate description of book sales as well, albeit at different time scales. This suggests that the fundamental processes driving the attention economy of the phenomena-book selection and citations-are the same.
The discovery of the universal nature of sales patterns and its driving mechanisms are important for our understanding of the industry and how individuals buy books. In fact, the model (3) provides us with an excellent tool to reconstruct the sales timeline of any book from beginning to end, once the parameters λ, μ and σ are known. Combining that with our insights about the characteristics of the bestsellers and their sales numbers, the ground is set for the development of tools to predict the parameters of the model before the book is published. Such a model could accurately foresee the entire sales curve of the given book months before that book is on the shelves, unlocking the full potential predictive power of the book industry.
We expect our findings on bestsellers to offer a starting point and inspiration to investigate the success of books and authors further, considering and comparing a variety of books including those that did not sell well, helping us to ultimately understand what it takes to be successful in an industry that is not only large and extremely competitive, but also effects us both as individuals and collectively as a society, by shaping our culture.
